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INTRODUCTION

Recent data suggests ILK- Iregulates the Wnt signalling pathway by

phosphorylating and inactivating glycogen synthase kinase 3B (GSK3B). As GSK3I3

activity regulates B-catenin levels and cellular localization, this interaction may at least in

part explain the observed nuclear accumulation of 13-catenin in ILK- 1-overexpressing

EEC-18 cells.2, 3 Fibronectin- and insulin-dependent activation of ILK-I activity in

epithelial cells has been shown to be blocked by inhibitors of phosphatidyl inositol-3'

OH-kinase (PI-3-K), and constitutively activated by an activated catalytic p110 subunit

of P1-3-K (Delcommen). P1-3-K dependent ILK-I stimulation by these results in

activation of Protein Kinase B (PKB/Akt) by phosphorylation on Ser473. Ser473

phosphorylation is effected by a phospholipid-dependent kinase 2 (PDK2) activity,

which cooperates with phosphorylation of Thr308 by PDK 1, to fully activate PKB.

ILK-I is thus a strong candidate PDK2 activity, and as such, may regulate PKB-

dependent survival in cellular contexts other than loss of adhesion. Another recent study

demonstrated cross-modulation between EGF receptor and B1 integrins in human

mammary epithelial HMT-3522 cells, the malignant T4 subclone was found to express

activated p 5 9 1LK-1, relative to a non-malignant S I subclone, although both expressed

similar levels of p 5 9 1LK-1. Monoclonal antibodies inhibiting either Bl integrin, or EGFR

function were found to block the elevation of ILK-I activity in T4 cells, without

decreasing cellular p59 ILK' 1 levels. 4 This results indicate that, in mammary epithelial cells,

ILK-I activation is critical to integrin-mediated signal transduction in response to external

stimuli, or as a result of oncogenic progression.

BODY

Overview

The period covered by this report (August 1998 to August 1999) has been largely devoted

to isolating and characterizing full length cDNA clones for the two ILK- 1-interacting clones

described in the previous report. Although this phase consumed a large amount of time and

2
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effort, we are now in the position of having characterized full length cDNAs for the

serine/threonine phosphatase (eDNA 5BT) and the putative actin-binding protein (cDNA

3B7). In the case of the phosphatase, stable cell lines have been established from human

kidney epithelial HEK 293 cells which, either constitutively or conditionally, over-express

this phosphatase. Co-immunoprecipitation experiments in 293 cells confirm that ILK-1 and

the phosphatase associate in living cells, thus we have named the phosphatase ILKAP

(ILK-i-associated phosphatase). Importantly, overexpression of ILKAP results in a G2/M

block to cell cycle progression, and also blocks cell spreading on fibronectin and collagen

matrices. ILKAP does not seem to affect cell adhesion on matrix proteins, and so the defect

in cell spreading may relate to integrin-dependent changes in actin cytoskelton

rearrangements in response to ECM. Epithelial cells plated on fibronectin (FN) for one

hour show a decrease in ILK-1 activity, as assayed on the exogenous substrate, myelin

basic protein.' Recent evidence indicates that at earlier time points ILK-I activity increases

(15-20 min post FN), followed by a rapid down-modulation to sub-basal levels. These

activation kinetics have been reproduced in our laboratory. The isolation of a putative

serine-threonine phosphatase via interaction with ILK- I has obvious implications for

down-regulation of ILK-1 signalling. As persistent over-expression of ILK-1 activity in

epithelial cells is tumourigenic, a negative regulator of ILK-I activity would be a candidate

tumour suppressor gene.

Results and Discussion

A. Characterization of ILK-1 interacting clones identified in the two-hybrid screen

1. 3B7, encoding a putative actin-binding protein

We have screened yeast two-hybrid interaction libraries with bait proteins

representing three variants of ILK-1 (see 1998 report). A total of 1-2 x 106 transformants

from each of two interaction libraries were independently screened with these baits. A

HeLa epithelial cell library (obtained from Dr. Roger Brent, Massachusetts General

Hospital) was screened with the baits LexILK-1, encoding a full length catalytically active

('wild-type') ILK-I protein fused to the LexA DNA binding domain, and LexANK,

encoding a truncated ILK-I fusion protein which includes amino acid residues 1-276 of

ILK-1. The full length, wild type ILK-1 bait trapped a 708bp partial cDNA, containing an

open reading frame encoding 150 amino acid residues, and typical 3' end structure

including an adenylation signal and polyA+ tract. The open reading frame suggested the

protein encoded by this cDNA possessed a calponin homology domain (CH), which is a
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common feature of actin-binding proteins, and which are thought to mediate actin-binding.

However not all CH domain-containing proteins have been show to bind actin, and it

appears a minimum of two CH domains are required for actin binding function (Fig. 1).

We are currently proceeding wth the characterization of the 3B7 transcripts and

protein. Northern blots of polyA+ RNA from a variety of human tissues (Clontech, MTN I

blot), using 3B7 as a probe, indicate a complex pattern of transcripts of approximately 1.5,

1.7 and 6 kb, which are predominantly expressed in skeletal and cardiac muscle (See 1998

Report). By conceptually joining our 3B7 sequence with the overlapping sequences of two

ESTs, we were able to design primer sets to investigate the linkage of these sequences in

cellular mRNAs. RT-PCR reactions with the 5' EST and 3' 3B7 primers confirmed that the

EST and 3B7 sequences are on the same transcript (not shown). A rabbit antiserum, raised

against a 6xHis-tagged 3B7 fusion protein (HT-3B7), was affinity-purified over an

immobilized HT-3B7 column. The resulting antibody preparations were tested for

specificity in western blots against purified GST-3B7 and GST-ILK-1 fusion proteins. Our

affinity-purified antibodies recognized the ca. 53 kDa GST-3B7 fusion protein (the GST

moiety is 25 kDa), but not the GST-ILK-1 recombinant protein (not shown). The affinity-

purified anti-3B7 recognized a single band from cytoplasmic lysates of human embryonic

kidney HEK 293 cells, migrating at approximately 35 kDa in 10% SDS-PAGE (Fig. 2A).

Adsorption of the antibody against GST-3B7 eliminated reactivity against the endogenous

35kDa band in HEK 293 lysates (Fig. 2B). The single band of 35 kDa suggests that the

smallest of the 3B7-related transcripts seen in northern blot analyses encodes the expressed

3B7 protein. We have tentatively named this protein CLINT, for Cytoskeletal Linker to

INTegrins. The significance of the larger transcripts is not known. They may encode

proteins related to CLINT, which lack the 150 amino acids comprising the deduced C-

terminal represented by the 3B7-encoded peptide. This may indicate alternative splicing of

primary transcripts to produce CLINT-related proteins which we cannot detect with our C-

terminal antibody.

GST-ILK recombinant fusion proteins were used in 'pull-down' assays to test the

association of ILK and 3B7. CDNAs encoding full length wild-type and, kinase-inactive

versions of ILK (E359K) were fused to GST on the pGEX4T- 1 vector backbone

(Pharmacia). Fusion proteins were incubated with lysates of E.coli BL21(DE3)

transformed with the pProExHT-3B7 plasmid. Treatment of the BL21 cultures with 1mM

IPTG results in induction of the HT-3B7 fusion protein to high levels, by derepression of

the laclq repressor. Both versions of ILK precipitated a small amount of HT-3B7 from

uninduced lysates, presumably due to low level 'leakage' of the laclq repressor. The

association of HT-3B7 and GST-ILK proteins was greatly enhanced in the lysates from

4
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IPTG-induced cultures (Fig. 3). These data indicate that ILK and the 3B7-encoded peptide

form stable complexes in vitro and, in conjunction with the two-hybrid idata, indicate that

this association is likely to be direct.

2. ILKAP (ILK-I-associated phosphatase), a putative protein serine/threonine phosphatase

of the PP2C family

a) Structure of ILKAP

The LexANK-baited (ILK-I residues 1-276) screen of the HeLa interaction library

resulted in the isolation of a second interacting clone, which we have designated 5BT.

When the 611 bp 5BT sequence was used to search the GenBank and EMBL databases

(BLAST) highly significant matches to a number of protein serine/threonine phosphatases

of the PP2C family were identified (Fig. 4). No other functional homologies were noted.

We have characterized a full length cDNA represented by the original 5BT isolate.

The sequence of this clone indicates a functional protein serine/threonine phosphatase

belonging to the PP2C family. A 1751 bp cDNA, H4C 11, was cloned from an Origene

rapid screen placental library. An open reading frame contained within this cDNA lined up

with 95% amino acid identity with the published rat PP2C6 sequence. The 5' end structure

of this cDNA was confirmed in the sequence of independently-cloned RT-PCR products,

using primers derived from the 5' most region of the cDNA.

We have named the protein encoded by H4C 11, ILKAP, for ILK- 1-associated

phosphatase. The structure of ILKAP is shown schematically in Fig 4. ILKAP comprises

392 amino acids, containing two PP2C boxes, 1 and 2. The N-terminal residues 115-206

comprise Box 1, which contains a DGH triplet which has been shown to be essential for

catalytic activity of PP2C enzymes. Residues 215-392 comprise Box 2, which contains

conserved residues among PP2C family members, and may be involved in substrate

binding.5 The region containing Box 2 is present in clones identified in the ILK-i-baited

two-hybrid screen. Residues 1-114 of ILKAP do not score on homology searches against a

number of protein databases (SWISSPROT, GENPEPT). A rat PP2C6 has been reported,

which possesses 95% amino acid identity with ILKAP.6 The boundaries of PP2C Boxes 1

and 2 are identical in ILKAP and rat PP2C6 and fifteen of the twenty residue differences

between the rat PP2C6 and ILKAP occur between residues 1-114, suggesting strong

evolutionary pressure to maintain the structure of ILKAP catalytic and substrate-binding

regions.

b) Expression of ILKAP and recombinant ILKAP in mammalian cells and tissues.

5
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In order to survey a large number of human tissues for ILKAP, and ILK-I

expression, we probed a human multi-tissue expression array (MTE, Clontech) with ILK-1

and ILKAP cDNAs. Nylon membranes spotted with normalized amounts of RNA from 50

samples of pooled human tissues was probed with 32P-labelled ILKAP and ILK- I cDNA

probes. All 50 tissues expressed both ILK-1 and ILKAP (Fig. 5), as would be expected in

light of the ubiquitous expression of 131 integrins. ILK-1 RNA levels appear highest in

heart, aorta, colon, bladder, uterus, prostate, placenta and stomach, as well as exhibiting

relatively strong expression levels in most fetal tuissues sampled. ILKAP expression

appears highest in the pancreas, pituitary and adrenal glands, stomach, small intestine,

placenta, and fetal liver. The apparent lack of quantitative correlation between ILK-1 and

ILKAP mRNA levels may not reflect protein levels in these tissues, and we do not know

the stoichiometric ratio of p59IKq in association with p47IL"JP (see below) at this time.

Thus the important result is that ILK- I and ILKAP mRNAs are co-expressed in a wide

variety of tissues.

IN SDS-PAGE, our affinity purified anti-ILKAP polyclonal antibodies recognize a

single band, migrating with an apparent molecular weight of 47 kDa (Fig. 6). We tested the

ability of ILKAP to associate with p59"K- in mammalian cells by performing pull-down

assays with the 6xHis-tagged ILKAP recombinant protein, HT-17Ai. The recombinant

HT-17Ai protein efficiently complexed with endogenous p59I-K1 in mouse C2C 12

fibroblast lysates (Fig. 6A). Anti-ILK-1 antibodies precipitated p47ILrP from the C2C12

lysates, indicating that ILK-I and ILKAP are complexed in living cells (Fig 6B). It is

important to note that the demonstration of this association does not require overexpression

of either binding partner.

We have made ILKAP expression conditional on treatment of cells with the

synthetic ecdysone-related hormone, meristerone A. This system was chosen because it

provides for very low to absent expression of plasmid-encoded cDNAs in a variety of

mammalian cell backgrounds. The H4C 11 cDNA was used as a template in a PCR reaction

(Pfu polymerase), to generate a 1310 bp product for subcloning into expression vectors.

This product contains the 5' untranslated region of H4C 11, and removes the stop codon in

order to allow fusion of ILKAP sequences to vector-encoded 3' epitope tags, V5 and 6x

His. The 1310 bp product was subcloned into the multi-cloning site of pINDtopoV5his

(Invitrogen), to produce H4CI l-30pINDtopoV5his. Expression of cDNAs from this

plasmid is dependent on treatment of the transfectant cells with merA, in the presence of the

ecdysone receptor, encoded on the plasmid pVgRXR (Invitrogen). We confirmed that

ransient co-transfection (Lipofectamine Plus, Life Technologies) of human embryonic

kidney 293 (HEK 293) cells with H4C1 1-3OpINDtopoV5his and pVgRXR resulted in

6
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highly inducible expression of V5-tagged ILKAP (Fig. 7A). In order to test the association

of ILK-I and ILKAP in mammalian cells, we performed ILK-1 co-immunoprecipitation

assays on the transiently transfected HEK 293 cells. The V5 epitope-tagged p47ILr' band

was readily detected in the ILK-I immune complexes (Fig. 7B). Importantly, although

induced levels of tagged ILKAP were high at 6 hr post-induction, significant association

with endogenous p5 9!LK-' was not seen until 36 hour post-induction. This demonstrates that

the association between ILK- 1 and ILKAP is not an artefact of post-lysis binding. We

conclude from these data that p59'-I and P47I"lAP are present in stable complexes in the

HEK 293 and C2C12 cells, indicating conservation of function across species.

We have developed multiple clones exhibiting conditional expression of p47IrA.

In order to establish independent clones conditionally expressing epitope-tagged ILKAP

protein, HEK 293 cells were stably transfected with the pVgRXR vector (Zeocin

selectable), which encodes a modified ecdysone receptor. Transfection of H4C 11-

30plNDtopoV5his into the pVgRXR-293 cells, followed by double-selection in neomycin

and zeocin, resulted in multiple independent clones being isolated for characterization of

ILKAP expression levels. Twelve clones were analyzed, and found to express variable

levels of induced V5-ILKAP protein (Fig. 8). Clones 1, 2, 3, 9 and 10 induce high levels

of p47ItLAP expression, clones 5, 7 an 12 moderate to low, and clones 4, 6, 8, 11 showed

no detectable induction (Fig. 8). Preliminary experiments on the high expressor clones

indicates no impairment in adhesion to extracellular matrix proteins, fibronectin and

collagen, when p4 7 "Lr• is induced. There does appear to be a marked inhibition of these

clones in spreading on these matrix substrates, however, suggesting that p47rLA function

may affect aspects of ILK- I regulation of actin cytoskeletal rearrangements. We are

currently testing these clones for effects on adhesion to ECM, spreading, and biochemical

markers of ILK signal transduction.

B. Development of retroviral vectors expressing ILK-1 variants

Last year's report indicated some progress in the development of retroviral vectors

for expressing ILK-1 and related cDNAs in mammalina tissue culture systems. In parallel

we have developed the pIND-based constructs for ecdysone-inducible expression in

culture, and as we have had much greater success with this approach to expression, have

not pursued retroviral delivery further.

"7
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CONCLUSIONS

Progress has been made in characterizing two candidate ILK-1 protein partners,

using a variety of molecular and biochemical approaches.We have confirmed that p59"-'

and p47I"KAP are associated, most likely via direct interaction, in living epithelial cells. This

stable complex is likely to be extremely important in determing levels of cellular ILK

activity, impinging on downstream effectors such as GSK3-B and PKB/AKT. A second

novel ILK interactor represents a putative actin binding protein, previously undescribed,

which would have important implications for regulation of the actin cytoskeleton by

integrins in response to extracellular matrix. This protein may be involved in integrin-

induced cell shape changes and/or motility, for example.

ILKAP is likely to function as a protein serine/threonine phosphatase, and we are

developing biochemical assays for this function. The association of ILK-I with a PP2C

provides a specific mechanism for the rapid down-regulation of ILK- I-mediated

phosphorylation and signalling. Moreover, it provides a novel context for members of the

PP2C family, and may suggest other PP2C members are involved in regulating cellular

responses to adhesion through non-integrin, or other integrin receptors. Of particular

importance, ILKAP likely regulates survival in epithelial cells indirectly, via inhibition of

PKB activity. This finding provides us with a novel tool with which to study dysregulation

of the ILK-1 signalling pathway in breast carcinoma, but which likely has great relevance

to many other carcinomas.

The role of ILK-i in signalling cell survival appears to involve phosphorylation and

activation of PKB, through its PDK2 activity. PKB in turn is thought to be the major

cellular protein kinase responsible for phosphorylation and inactivation of BAD, a pro-

apoptotic mitochondrial protein. The molecular and biochemical characterization of ILKAP

function should allow us to determine whether ILK is the major PDK2 activity in cells of

epithelial origin.
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Figure 6: Association of ILK-1 and ILKAP in pull-down and co-immunoprecipitation

experiments. Mouse fibroblast C2C12 cytoplasmic lysates (500 Rg) were

immunoprecipitated with 1 ug of affinity-purifed anti-ILK (ILK lane), or incubated with

t1g of His-tagged 17ai (ILKAP C-terminus, see Figure 4) fusion protein. Immuno-

precipitates were collected on Protein A-sepharose and HT-17ai complexes collected on

Ni-NTA agarose, washed, and proteins run on 10% SDS-PAGE for transfer to PVDF

membranes. The membranes were processed in parallel for western blotting with affinity-

purified anti-ILK (A) or affinity-purified anti-ILKAP (B). Whole cell extracts (WCE)

were run on the same gels in order to mark migration of cellular ILK and ILKAP

proteins.
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DEPARTMENT OF THE ARMY
US ARMY MEDICAL RESEARCH AND MATERIEL COMMAND

504 SCOTT STREET
FORT DETRICK, MARYLAND 21702-5012

REPLY TO
ATTENTION OF:

MCMR-RMI-S ( 7 0-1y) 27 Sep 02

MEMORANDUM FOR Administrator, Defense Technical Information
Center (DTIC-OCA), 8725 John J. Kingman Road, Fort Belvoir,
VA 22060-6218

SUBJECT: Request Change in Distribution Statement

1. The U.S. Army Medical Research and Materiel Command has
reexamined the need for the limitation assigned to technical
reports written for this Command. Request the limited
distribution statement for Accession Document Numbers ADB264654,
ADB241161, and ADB253101 be changed to "Approved for public
release; distribution unlimited." These reports should be
released to the National Technical Information Service.

2. Point of contact for this request is Ms. Kristin Morrow at
DSN 343-7327 or by e-mail at Kristin.Morrow@det.amedd.army.mil.

FOR THE COMMANDER:

Encl PHYL M. RINEHART
Deputy Chief of Staff for

Information Management


